Silicon may be determined in solution by the spectrophotometric method of Dienert & Wandenbulche (1923) , as modified by King & Stantial (1933) . This involves the formation of the yellow silicomolybdate and the reduction of this complex to molybdenum blue by 1-amino-2-naphthol-4-sulphonic acid reagent. Measurement of this colour provides a means of determining silicon.
A disadvantage of this method of determining silicon is that phosphate interferes by forming phosphomolybdate, which is similarly reduced to molybdenum blue. Various methods have been used for preventing phosphate interference during silicon determination. Khaler (1941) used mineral acids to prevent the formation of phosphomolybdate. Complex-forming agents such as oxalic acid (Schwartz, 1942; De Sesa & Rogers, 1954) or citric acid (Case, 1944; De Sesa & Rogers, 1954) (CH3)3SiC16H33 requires Si, 9 40 %; the infrared spectrum of trimethylhexadecylsilane showed two bands at 8-025 and 11 8-12 02,u). Methods
Precipitation of phosphate in urine. Urine (2.0 ml.) was mixed with 8-0 ml. of water. A portion (4.0 ml.) of the diluted urine was acidified by adding 0-2 ml. of acetic acid and the mixture was shaken. Calcium chloride solution (4-0 ml. of 10 %, w/v) was added, together with 2-0 ml. of aqueous ammonia (2N). The mixture was then shaken and set aside for 15 min. This solution, which was at pH 7-0, was filtered and the filtrate used for the colorimetric determination. Blanks containing water in place of urine, brought to pH 7-0, were similarly prepared.
Determination of silicon. A portion (2-0 ml.) of the filtrate was pipetted into a 50 ml. separating funnel, followed by the addition, with shaking, of 2-0 ml. of N-hydrochloric acid. Ammonium molybdate solution (4-0 ml. of 5 %, w/v) was then added and the solution mixed by shaking for 3 min. This solution had a pH of 1-0. It was then extracted once with 20 ml. of ethyl acetate for 30 sec. The aqueous phase was separated and 4-0 ml. of 10% (w/v) citric acid solution added to it with shaking. The solution was allowed to stand for 2 min., after which 1-0 ml. of the aminonaphtholsulphonic acid reagent was added with shaking, and the resulting solution set aside for 10 min. to allow maximum colour to develop. Any precipitate formed was removed at this stage by centrifuging. The extinction of the blue solution, which was linear to silicon concentration in the range 5-60 ug. of SiO2, was then measured against a similarly treated blank at 690 mtu.
Effect of pH on the precipitation of phosphate and silicate. To each of several 4 ml. samples of disodium hydrogen phosphate solution (2-26 mg./ml.) or sodium silicate (0.125 mg. of SiO2/ml.) were added 4-0 ml. of 10% calcium chloride solution and 2-0 ml. of 2N-ammonia solution. The mixtures were brought to different pH values in the range 4-0-10-0, by adding acetic acid. After centrifuging, the phosphate, or silicate, was determined in the supernatant.
Determination of phosphate. Phosphate was determined by the method of King (1932) .
RESULTS AND DISCUSSION
The results recorded in Table 1 demonstrate that the present method of determining silicon is accurate and reproducible. King & Stantial (1933) reported that when 1-amino-2-naphthol-4-sulphonic acid reagent was used as the reducing agent a persistent 'blank' colour was obtained. The author has found that the addition of citric acid before the reduction eliminated this 'blank' colour without affecting the reduction by the aminonaptholsulphonic acid reagent.
In Table 2 are recorded results demonstrating the effect of pH on phosphate precipitation. These results were obtained by determining the remaining phosphate concentration in the supernatant, after precipitation and centrifuging. At pH 4-0 no precipitation of phosphate occurred; at pH 5.0, 35.5 % of the phosphate was precipitated. At pH 7-2, only 5.4% of the total phosphate was present in the supernatant, 94-6 % having been precipitated. Total precipitation of phosphate was obtained between pH 9-0 and 10-0.
If the results of phosphate precipitation are compared with those of Table 3 it can be seen that, unlike phosphate, silicate is not precipitated J. PAUL between pH 5-0 and 7 0. However, silicate precipitation occurred at pH 8-0, 10% of the total silicate being precipitated at this pH. Nevertheless, even at pH 10 0, at which pH all the phosphate was precipitated, only 34 % of the silicate was precipitated. In order to determine whether co-precipitation of silicate occurred during phosphate precipitation, the effect of pH on silicate precipitation in the presence of phosphate was studied. These results reported in Table 4 are in good agreement with those of Table 3 , thus demonstrating that coprecipitation of silicate does not occur during phosphate precipitation.
By taking advantage of the difference at pH 7 0 between the precipitation of phosphate and silicate, a method of determining silicate in urine was developed. As only a small amount of phosphate escapes precipitation at pH 7-0, whereas silicate is (Table 5) . As rat and human urines contain large amounts of phosphate (about 30 mg./ml.
in rat urine), the method should be generally useful for determining trace amounts of silicon in very high concentrations of phosphate. In the experiments reported here, silica, in the presence of up to about 100 times its own concentration of phosphate, was accurately determined.
SUMMARY
1. An accurate and reproducible method of determining small amounts of silica in rat and human urine is described. The method involves precipitating the bulk of the phosphate present in urine, by calcium chloride and ammonia at pH 7 0, and removing the remaining phosphate by selective extraction of the phosphomolybdate with ethyl acetate. Silica was then determined in the aqueous phase after reduction of the silicomolybdate by 1-amino-2-naphthol-4-sulphonic acid reagent in the presence of citric acid.
2. The method is capable of general applicability to determinations of trace amounts of silica in high concentrations of phosphate. I wish to thank Professor A. C. Frazer for facilities to carry out this investigation, Dr W. F. R. Pover for his interest and advice, and Midland Silicones Ltd. for gifts of trichlorohexadecylsilane. The award of an I.C.I. Research Fellowship is gratefully acknowledged. Table 5 . Recovery of silica in rat and human urinew Urine (2 ml.) was made up to 10 ml. with water. A portion (4 ml.) of this solution was then treated with the precipitating reagents. After centrifuging, soluble silica was determined in the supernatant. (For details see text.) To 2 ml. of the same urine, 2 ml. of silicate solution was added and the whole made up to 10 ml. After precipitation and centrifuging as described above, the total silica content of the urine was determined. All values are expressed as milligrams. 
